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Research highlights  
 First ever comprehensive demonstration of iŶfaŶt͛s rapid orienting to human faces in 
complex naturalistic visual scenes  
 IŶ ĐoŶtƌast to pƌeǀious fiŶdiŶgs usiŶg aƌtifiĐial ͚circular-aƌƌaǇ pƌeseŶtatioŶs͛, evidence 
for a face bias was found in infants aged 6 month and younger 
 A range of novel oculomotor and scene analysis comparisons including the first 
implementation of recurrence quantification analysis on an infant eye-tracking dataset   
 
Abstract 
Infants respond preferentially to faces and face-like stimuli from birth, but past 
research has typically presented faces in isolation or amongst an artificial array of competing 
objects. In the current study infants aged 3- to 12-months viewed a series of complex visual 
scenes; half of the scenes contained a person, the other half did not. Infants rapidly detected 
and oriented to faces in scenes even when they were not visually salient. Although a clear 
developmental improvement was observed in face detection and interest, all infants displayed 
sensitivity to the presence of a person in a scene, by displaying eye movements that differed 
quantifiably across a range of measures when viewing scenes that either did or did not contain 
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naturalistic stimuli and artificial array presentations used in previous studies have 
underestimated performance.  
 
Keywords: face detection, infancy, eye movements, visual search 
 
Human faces represent a unique class of stimulus (e.g., Kanwisher, 2000) that attract 
greater visual interest relative to other stimulus groups (Langton, Law, Burton, & 
Schweinberger, 2008), including non-human primate faces (Pascalis, de Haan, & Nelson, 2002; 
Pascalis & Kelly, 2009). Newborn infants display a visual interest in faces and preferentially 
orient towards face-like stimuli when presented alongside a competing stimulus (e.g., Johnson, 
Dziurawiec, Ellis, & Morton, 1991; Mondloch et al., 1999; Valenza, Simion, Cassia, & Umilta, 
1996). Furthermore, a third trimester foetus will preferentially head turn towards a simple 
upright 3-point face configuration light display, but not an inverted counterpart (Reid et al., 
2017). Although much is known about the developmental trajectory of face recognition, 
categorisation and preference (See Pascalis et al., 2011 for a review), there is a relative paucity 
of research investigating face detection; here defined as the ability to rapidly align the fovea 
with a face located in the visual periphery. This action is ubiquitous in everyday visual 
behaviour with face detection likely to be subcortical in origin and involving the superior 
colliculus, pulvinar and amygdala (de Gelder, Frissen, Barton, & Hadjikhani, 2003; Johnson, 
2005; Johnson, Senju, & Tomalski, 2015). Attending to faces allows us to extract social 
information (Todorov, Said, Engell, & Oosterhof, 2008) and assess threat from our visual 
environment (LoBue & DeLoache, 2010; Ohman, 2005) while simultaneously disregarding other 
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interest in faces and eye contact is also thought to be critical for successful social development 
(Farroni, Csibra, Simion, & Johnson, 2002).  
Adults can detect faces in just 100 msecs (Crouzet, Kirchner, & Thorpe, 2010) and 
evidence supports the view that faces represent a distinct class of visual stimuli (Mackay, Cerf, 
& Koch, 2012) processed by a dedicated neural architecture (Haxby, Hoffman, & Gobbini, 
2000). In infants, it is believed that a low-spatial frequency face detection system, termed 
Conspec, is subcortical, and exists from birth through to adulthood (Johnson, et al., 2015; 
Morton & Johnson, 1991). Face detection theories postulate and promote the importance of 
direct gaze in the subcortical route (Stein, Peelen, & Sterzer, 2011) and suggest that eye 
contact facilitates face detection (Senju & Johnson, 2009). Convergent data from behavioural 
and neuroanatomical studies advocate the presence of a subcortical route in newborn infants, 
which serves to detect faces and to orient the newborn towards them (Johnson, 2005). Yet, 
despite the strong evidence for an interest in faces from birth, a recent review of the infant 
face detection literature concluded that a general face bias is weak in early infancy, but 
becomes more robust from 6 month of age onwards (Leppanen, 2016). However, previous 
studies have predominantly used simplified circular-array visual presentations, which have 
yielded mixed findings. Face detection is reported for colour images (Elsabbagh et al., 2013; 
Gliga, Elsabbagh, Andravizou, & Johnson, 2009; Gluckman & Johnson, 2013; Kwon, 
Setoodehnia, Baek, Luck, & Oakes, 2016), but not for grayscale images (Di Giorgio, Turati, 
Altoe, & Simion, 2012). Additionally, a lone visual preference task assessing spontaneous 
orienting to faces versus toys found no advantage for faces (DeNicola, Holt, Lambert, & 
Cashon, 2013). A more complex 5 x 5 visual grid display was utilised to show efficient face 
finding (i.e. looking to the face in the display; Jakobsen, Umstead, & Simpson, 2016), but 
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Although these findings provide insight into infant face detection, faces are rarely 
viewed in isolation in non-laboratory conditions, they are never seen embedded within an 
array (circular or grid) nor are they seen at a constant distance. Instead, recent studies using 
head-mounted camera recording methods have confirmed that faces are typically viewed 
alongside substantial levels of competing visual information and at myriad distances 
(Jayaraman, Fausey, & Smith, 2017; Sugden, Mohamed-Ali, & Moulson, 2014). Consequently, 
the utility of artificial presentations and the generalisability of findings from existing work is 
unclear. Studies presenting infants with more realistic visual scenes (Amso, Haas, & Markant, 
2014; Frank, Amso, & Johnson, 2014) have reported increasing attention to faces in the first 
year of life and beyond, but face detection has not been assessed using such stimuli. While eye 
movements in visual search using naturalistic scenes have long been studied in adults (e.g., 
Rayner, 2009), comparable work in infants is lacking. Wass and Smith (2014) have provided a 
detailed description of eye movement behaviour during a range of dynamic scene viewing 
tasks, but other studies with infant populations have been largely restricted to visual array 
(Kwon, et al., 2016) or other non-naturalistic visual presentations (Hessels, Hooge, & Kemner, 
2016).  
It is important to note that although one may have the subjective impression that we 
see all information in our visual field, detailed object analyses is unlikely to be conducted over 
a wide area in the visual periphery (Henderson & Hollingsworth, 1998) and we can only overtly 
attend to (i.e. foveate) a single location at a time. Indeed, change blindness (e.g., Simons & 
Levin, 1997) provides powerful evidence to support the view that we do not actively process all 
details present in our visual periphery. However, in adults at least, peripheral vision does play a 
critical role in determining the location of upcoming fixations. Adults seemingly extract global 
͚gist͛ iŶfoƌŵatioŶ aďout sĐeŶes ;e.g., ͚sea͛, ͚ŵouŶtaiŶ͛ etĐ.Ϳ ǁith pƌeseŶtatioŶs as ďƌief as Ϯ6 ŵs 
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human regardless of scene variance (Rousselet, Mace, & Fabre-Thorpe, 2003). It is further 
believed that extracting gist and scene layout can help to guide attention to likely target 
locations based on prior knowledge and task instruction (e.g., Navalpakkam & Itti, 2005). 
Assessing what infants find to be visually salient (i.e. the perceptual qualities that make certain 
iteŵs ͚staŶd out͛ ƌelatiǀe to otheƌ iteŵs aŶd ĐoŶseƋueŶtlǇ attƌaĐt atteŶtioŶͿ is more 
challenging though as researchers must ask questions without language and prior knowledge is 
necessarily limited in infant participants. Accordingly, the extent to which these findings from 
the adult literature can be applied to infants is currently unclear.  
Determining what attracts visual attention during scene viewing in adults is well-
studied with seminal studies of eye movements showing that certain discrete locations, such as 
huŵaŶ foƌŵ, aƌe fiǆated ŵoƌe thaŶ ͚otheƌ͛ iŶfoƌŵatioŶ (Buswell, 1935; Yarbus, 1961; 1967). In 
order to account for eye movements patterns, early models of visual salience (e.g., Itti & Koch, 
2000) promoted the role of bottom-up information in determining shifts of covert attention 
while more recent models incorporate top-down information in the form of prior knowledge 
and task instruction (e.g., Navalpakkam & Itti, 2005). Indeed, it has been demonstrated, for 
eǆaŵple, that adult͛s fiǆatioŶs aƌe Ŷot aĐĐouŶted foƌ ďǇ salieŶĐǇ ǁheŶ ǀieǁiŶg sĐeŶes 
containing social information (Birmingham, Bischof, & Kingstone, 2009). However, with 
restricted top-down input in the first year of life, as noted above, it is uncertain whether such 
models extend to infant visual attention. Indeed, assessment of salience in predicting infant 
eye movements is conflicting with an increase in attention to salience across the first year of 
life reported by some authors (Althaus & Mareschal, 2012; Amso, et al., 2014) and a decrease 
in attention to salience reported by others (Kwon, et al., 2016).  
 In response to calls for a need to shift towards more naturalistic stimuli in infant 
research (Frank, Vul, & Johnson, 2009) and to disentangle the influences of bottom-up and top-
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to explore spontaneous face detection in naturalistic scenes, while simultaneously considering 
the role of visual salience in guiding eye movements. We report data collected from a total of 
241 infants comprising four separate age group and eye movements recorded at 500Hz with 
low data loss (~8% samples during on-screen looking). Thus, we explored the ability of infants 
aged 3-, 6-, 9- and 12-months to detect visually salient and non-salient faces embedded within 
complex, naturalistic scenes. Infants viewed four scenes that contained a person (2 salient, 2 
non-salient) and four scenes that did not contain a person. To assess sensitivity to faces within 
scenes, we distinguish between two behaviours: detecting and finding. A face was considered 
detected if the first saccadic movement post-stimulus onset was directed to the face. 
Additionally, we also included instances when iŶfaŶt͛s saccades undershot or overshot the 
stimulus (maximum 1° visual angle) and a corrective saccade was made (within 200 msecs) to 
foveate the face on the next fixation. A face was considered found if it was fixated at any point 
during the 5-second trial. If a face was not fixated, it was coded as missed (See Figure 1). For 
the sake of brevity, face finding and subsequent interest in faces was extremely high for all age 
groups (suggesting a strong bias for faces at all ages) and results are reported in the 
Supplementary Online Materials (SOM). This manuscript will therefore focus on our primary 
interests, which are face detection and eye movements during scene processing with a 
particular emphasis on Person Present and Person Absent trials. Following findings in adults 
(Birmingham, et al., 2009), it could be predicted that infants will detect faces regardless of 
visual salience. However, if infants are less influenced by top-down control as a consequence of 
no task instruction and their limited visual experience with the world, we can expect eye 
movements to be better predicted by salience, especially in the youngest age groups. In 
addition to this explicit contrast, we will also report a range of exploratory analyses designed to 
capture any fine-grained differences in eye movement behaviour that are elicited by the 
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At the University of Kent participants were contacted via the Kent Child Development 
Unit database following initial recruitment at local mother and baby groups. At the Universite 
Grenoble Alpes, infants were recruited directly from the local maternity hospital. Infants were 
deemed eligible to participate if they were within a +/- 14 day age range of a target age at the 
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paƌtiĐipaŶt͛s caregivers were provided with an information sheet prior to testing and 
additionally given the opportunity to verbally ask questions before signing a consent form. 
Participants and caregivers were compensated with age-appropriate gifts. The study received 
ethical approval from both institutions.    
A total of 241 infants were included in the analyses with a further 22 infants excluded 
for failing to produce useable data (3 months, n = 1; 6 months, n = 6; 9 months, n = 8; 12 
months, n = 7). Infants were omitted from the final sample for failing to complete all 8 trials (n 
= 14) or providing unanalysable data (n = 8) as a consequence of extreme movement. This final 
sample comprised infants from 4 distinct age groups; 3 months (n = 23), 6 months (n = 65), 9 
months (n = 82) and 12 months (n = 71; See Table S4). All Infants were randomly allocated to 
Image Condition A or Image Condition B (See Figure S1).  
 
Stimuli 
Each stimulus was analysed for its visual content using the Visual Saliency Toolbox 
(Walther & Koch, 2006). The toolbox assesses the low-level visual properties (e.g., brightness, 
contrast etc.) of images and produces a map that highlights the most visually salient stimulus 
properties (see Figure 2 and SOM for further details). Preliminary visual saliency analyses were 
initially conducted on a large pool of images (n = 120) with sixteen images containing the 
desired properties selected for the final stimulus set. Following the approach of Amso and 
colleagues (Amso, et al., 2014) we identified images in which the person either was or was not 
considered to be a visually salient aspect of the scene. All images were photographs of complex 
indoor and outdoor scenes that had been used in a previous study (Bindemann, Scheepers, 
Ferguson, & Burton, 2010). There were two versions of each scene; one with a Person Present 
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space occupied by the person was determined to be visually salient by the toolbox, whereas in 
the remaining images (n = 4) the pixel space occupied by the person was not visually salient. 
The Person Present images were divided evenly between stimulus groups, such that each infant 
was presented with two salient and two non-salient Person Present images. The set of sixteen 
images were separated into two stimulus sets (Image Conditions A and B), with each containing 
eight images: four Person Present and four Person Absent. Replication of scenes within each 
stimulus set was avoided. As infants participated in just one condition, they saw every 
individual scene once only. 
 
 
Figure 2. Eǆaŵples of ͚Person pƌeseŶt͛ aŶd ͚Person aďseŶt͛ ǀeƌsioŶs of tǁo diffeƌeŶt sĐeŶes. 
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(Walther & Koch, 2006) are overlaid.  Zero saliency values have been made transparent and 
peak saliency is shown in red, fading to blue. The person in the top left panel was categorised 
as ͚SalieŶt͛ aŶd the peƌsoŶ iŶ the ďottoŵ left paŶel ǁas Đategoƌised as ͚ŶoŶ-salieŶt͛. 
 
Materials 
Eye movements were recorded with an Eyelink 1000+ (SR Research, Ontario) at a 
sampling rate of 500 Hz operated in Head Reference Mode using a 25mm lens attachment. 
Infants aged 12 months were tested using the 890 nm illuminator, while all other age groups 
were tested using the 940 nm illuminator. Under optimal conditions, when operating in 
Remote Mode the Eyelink has accuracy of 0.5°, a tracking range of 32° (horizontal) x 25° 
(vertical) and is tolerant to head movements of 22x18x20cm. In order to minimise head 
movements, infants were securely fastened in an age-appropriate car seat that was safely 
attached to a chair.    
The stimuli were presented using Experiment Builder (SR Research, Ontario, CA) and 
the raw eye movement data were extracted using Data Viewer (SR Research). Fixations and 
saccades were subsequently parsed in Matlab (The Mathworks, MA, USA) using custom written 
code (See SOM for full details). All subsequent data processing was completed using further 
custom written Matlab code.  
 
Procedure 
The caregivers of the participants were greeted and taken to a waiting room. After 
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laboratory. Infants were placed in an age-appropriate padded seat in front of a computer 
monitor positioned at a distance of 60 centimetres. Testing was conducted in low light 
conditions. In order to operate the Eyelink in Remote Mode, a small target sticker was placed 
ĐeŶtƌallǇ oŶ the iŶfaŶt͛s forehead. The target serves as an external reference point to the 
tracked eye. The iŶfaŶt͛s ƌight eǇe ǁas tƌacked throughout testing. The iŶfaŶt͛s ǀieǁ to theiƌ 
surroundings, caregiver/s and experimenters was obstructed by an occluding screen in order to 
minimize distractions. A 5-point calibration procedure using custom-made attention-grabbing 
audio-visual targets was conducted initially and repeated as many times as required. No infant 
failed to calibrate. Following successful calibration (calibration-validation error < 1°), the task 
was immediately initiated. The eight test images were presented sequentially for 5 seconds 
each in a fully randomised order. An attention grabber appeared in the centre of the screen 
between each stimulus presentation that centred the iŶfaŶt͛s gaze foƌ the beginning of each 
trial. The trial was initiated only when the infant was fixating the target (< 1°), so accordingly 
the infant was fixating the screen centre at the start of each trial. 
 
Results 
Preliminary analyses revealed no significant differences across testing sites, between 
Image Conditions A and B or participant gender in terms of saccadic velocities, number of 
fixations or fixation duration, so data were collapsed for further analyses. Additionally, 
following previous work (e.g., Hessels, et al., 2016; Hooge & Erkelens, 1996) first fixations were 
excluded from fixation duration analysis. We report analyses related to Face Detection and 
Interest, Oculomotor Control and Person Present vs Person Absent scene comparison. The goals 
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scenes that do or do not contain a social stimulus (i.e. a person) and to use a variety of analysis 
methods to capture potential eye movement differences during scene viewing.  
Face Detection 
In order to assess face detection rates, paired-samples t-tests contrasted the 
proportion of trials in which faces were detected (from Person Present trials) against the 
proportion of trials in which the first saccade was directed towards salient areas of equated 
pixel space (from Person Absent trials; see Figure S2). In order to achieve this, we constructed 
salience AOI maps that contained the most visually salient areas as computed by the Saliency 
Toolbox. All ages groups were significantly more likely to direct a first saccade towards a face 
than towards a salient AOI (t3 (22) = 4.467; t6 (64) = 16.153; t9 (82) = 19.233; t12 (71) = 27.080; all 
ps < .001; See Tables S5 - S6 and SOM for further details and additional comparisons).  
 
Detecting Faces: Saliency Effects 
IŶ oƌdeƌ to assess ǁhetheƌ iŶfaŶt͛s deteĐtioŶ of faĐes ǁas iŶflueŶĐed ďǇ theiƌ ǀisual 
salience, a series of 4 (Age) X 2 (Salience: Salient or Non-Salient) mixed ANOVAs were 
conducted to explore the effect of saliency on Face Detection, Face Detection Saccade Latency 
and Face Dwell Time, which was defined as the proportion of total time spent looking at a face 
after it had been initially fixated (see Table 1 for a summary of means). For Face Detection and 
Face Dwell Time, all infants were included in the analyses, but a total of 13 infants did not 
detect any faces (3 months, n = 9; 6 months, n = 2; 9 months, n = 2) and were consequently 
omitted from the Face Detection Saccade Latency analysis.   
Detection: Salient faces were more likely to be detected relative to non-salient faces 
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27.506, p < .ϬϬϭ, ŋp2 = .258), although the interaction failed to reach significance (F(3, 237) = 
1.197, p = .312, ŋp2 = .015).  
Face Detection Saccade Latency: The ANOVA yielded a main effect of Age (F(3, 224) = 
11.090, p = .001, ŋp2 = .129) only with post-hoc comparisons showing significant differences 
between 3- and 12-month-olds only (p < .03). The main effect of Salience and Age x Salience 
interaction did not reach significance.    
Face Dwell Time: The ANOVA yielded a main effect of Salience (F(1, 237) = 81.929, p < 
.001, ŋp2 = .263), a main effect of Age (F(3, 237) = 18.894, p < .001, ŋp2 = .198) and a Salience x 
Age interaction (F(3, 237) = 5.571, p < .001, ŋp2 = .068). To explore the age-related differences, 
a post-hoc one-way ANOVA yielded significant Age differences for Salient Faces (F(3, 237) = 
5.939, p < .ϬϬϭ, ŋp2 = .070) with further comparisons showing significant differences for 3 
month-olds versus all other age groups only (ps < .001). A further one-way ANOVA yielded 
significant Age differences for Non-Salient Faces (F(3, 237) = 21.966, p < .ϬϬϭ, ŋp2 = .223) with 
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Table 1. Mean Number of Salient and Non-Salient faces detected per age group (95% CIs in 
parenthesis) 
 Salient Face Trials Non-Salient Face Trials 
Age Faces 
Detected 













































































Individual Image Analysis 
In order to determine whether age-related differences in detection were related to any 
potential differences in oculomotor control, all available face detection peak saccadic velocity 
data was entered into a one-way ANOVA (i.e. data from all trials when the face was 
successfully detected), which revealed no age-related differences (F(3, 555) = .587, p = .624, 
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the screen centre to the face) differed across images (see Figure 3 Top Panel and Table S7). 
Accordingly, Saccadic Amplitudes and Peak Saccadic Velocity were highly correlated (r = .968, n 
= 559, p < .001) with a clearly observable linear relationship present (See Figure 3 bottom left 
panel) that is consistent with the well-reported relationship between amplitude and velocity 
termed the main sequence (e.g., Bahill, Clark & Stark, 1975; Hainline, Turkel, Abramov, 
Lemerise, & Harris, 1984). Any observable differences in face detection behaviour are unlikely 
to stem from oculomotor control deficits between age groups and instead will reflect a failure 
to detect a person in a scene as a consequence of improvements in visual acuity, which are 
known to occur across the age ranges tested (Courage & Adams, 1990; Dobson & Teller, 1978; 
Sokol, 1978). To further explore Image related differences, a one-way ANOVA was conducted 
on saccadic amplitudes, revealing highly significant differences (F(7, 551) = 824.649, p < .001, 
ŋp2 = .913). Post hoc comparisons found significant differences between all Image comparisons 
except between Images 1 – 3, which had the most closely matched screen centre to face 
amplitudes. Images varied in terms of difficulty as highlighted by differences in detection rates 
between images Χ2 (7, N = 950) = 161.246, p < .001) and differences in saccadic onset time (F(3, 
555) = 8.945, p < .001, ŋp2 = .046) with both measures highly negatively correlated (r = -.959, n = 
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Figure 3. Top: Colour coded Person Present images (each image has an individual colour that 
corresponds to data in the bottom panels) with schematised saccadic movement required for 
detection; Bottom Left: Saccadic Amplitude and Peak Velocity plot for all detection saccades; 
Bottom Right: Proportion of trials in which detection occurred with corresponding mean 
saccade latencies. 
 
Person Present vs Person Absent Trials Contrast: Scene Processing  
 To explore additional measures of scene processing, we next present analyses that 
investigate how the presence of a person impacts on eye movement behaviour. To explore 
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series of A 4 (Age) X 2 (Person: Present or Absent) mixed ANOVAs were conducted on the 
number of fixations and fixation durations.  
 A clear pattern emerged from the analyses (See Figure S3 and SOM for more details). 
Relative to Person Absent scenes, Person Present scenes received more overall looking (i.e. 
summed fixation durations) (F(1, 237) = 13.903, p < .001, ŋp2 = .052) and they received fewer 
fixations (F(1, 237) = 7.316, p = .007, ŋp2 = .030), but they were of a longer duration (F(1, 237) = 
30.199, p < .001, ŋp2 = .113). Finally, a 4 (Age) X 2 (Fixation Location: Face or Other (i.e. all non-
face locations) repeated measures ANOVA conducted on Fixation Location found that all age 
groups deployed fixations of significantly longer durations (F(1, 237) = 139.980, p < .001, ŋp2 = 
.371) when fixating the Face (M = 701 msecs) relative to Other locations (M = 447 msecs). 
Additionally, the distribution of fixation durations was also markedly different (See Figure 4 
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Recurrence Quantification Analysis  
To further characterise fixation sequences, recurrence quantification analysis (RQA) 
was conducted. RQA has previously been used to describe complex dynamic systems such as 
climatological data (Marwan, Wessel, Meyerfeldt, Schirdewan, & Kurths, 2002), but more 
recently it has successfully been applied as a tool for analysing spatial and temporal aspects of 
eye movement behaviour (Anderson, Bischof, Laidlaw, Risko, & Kingstone, 2013). In RQA, the 
closeness of two fixations    and    is measured using a fixed radius  . Fixations are considered 
recurrent if they are spatially close as defined by their Euclidean distance  , so that fixations 
are recurrent if             . In principal, one can select any radius size, but recurrence rates 
will necessarily escalate as a function of increasing size. For the current experiment, a radius of 
2° of visual angle (60 pixels) was selected to approximate the fovea. RQA analysis was 
implemented in Matlab using code provided by Daniel LaCombe.     
 
The four RQA measures were analysed separately with 4 (Age (months): 3, 6, 9, 12) X 2 
(Person: present or absent) mixed ANOVAs. Following Anderson et al. (2013), trials that 
contained no recurrence (n = 206) were removed prior to analysis. This equates to 10.8% of 
total trials (n = 1898).  
Recurrence describes how frequently observers refixate discrete locations.  
Determinism represents the proportion of gaze patterns that are repeated. 
Laminarity describes the likelihood for discrete regions of a scene to be repeatedly fixated.   
Centre of Recurrence Mass (CORM) indicates whether refixations are temporally close or distant. 
Smaller values represent refixations occurring closely in time. 
See Anderson et al. (2013) for further computational details, figures, algorithms and discussion 
on the merits of fixation-distance methods vs. fixed-grid methods (e.g., ScanMatch; Cristino, 
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The primary findings were main effects of Person found for Recurrence (F(1, 1684) = 
47.265, p < .001, ŋp2 = .027), Determinism (F(1, 1684) = 4.699, p = .030, ŋp2 = .003), Laminarity 
(F(1, 1684) = 16.793, p < .001, ŋp2 = .010) and CORM (F(1, 1684) = 10.521, p = .001, ŋp2 = .006) 
with higher rates found in Person Present trials relative to Person Absent trials for each (See 
SOM for main effects of Age and interactions).  
The results from the RQA analysis require prudent interpretation. Recurrence should 
be observed in scene viewing (Anderson et al. 2013), so accordingly the recurrence rates 
observed in Face absent scenes are not unexpected. However, the elevated rates of recurrence 
reported for Person Present represent a quantitative shift in fixation patterns that are 
supported by the more classical analyses (reported above) that contrasted Person Present and 
Person Absent trials. In brief, stimuli that contain faces capture attention and consequently 
fewer fixations occur, but they are often longer and almost exclusively directed to the face (See 
Figure S3a). In addition, discrete areas (i.e the face) are scanned in finer detail as evidenced by 
the laminarity results. Stimuli that do not contain faces are subjected to visual exploration by 
the infant, which produces a greater number of shorter duration fixations dispersed over a 
broader spatial area (See Figure S3b).  
 
Discussion 
Infants of all age groups consistently detected faces embedded within complex visual 
scenes regardless of their visual salience, despite the fact that the presence and spatial location 
of a person followed no systematic pattern, they subtended a small visual angle, sclera was 
inconspicuous, they were presented alongside substantial competing visual information and 
the actual face of a person in a scene did not constitute the most visually salient aspect of a 
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explicit demonstration of face detection ever reported in an infant population. The sample 
sizes tested iŶ the ĐuƌƌeŶt studǇ gƌeatlǇ eǆĐeed ͚tǇpiĐal͛ sample sizes for infant research and 
allow us to draw conclusions with confidence.  
To some extent, our findings contrast with conclusions drawn from previous research 
that suggested a bias for faces is weak in the first 6 months of life (Leppanen, 2016). Although 
we report a developmental improvement in detection and interest in faces, it is important to 
acknowledge that visual acuity develops substantially between 3- and 6-months of age (e.g., 
Courage & Adams, 1990) and this is likely to have contributed to the difference in performance. 
Additionally, the face finding rate in 3-month-old infants was 2.6 out of 4 (See SOM), which is 
suggestive of a bias for faces at this age. By 6-months of age infants are displaying a clear bias 
for faces. We propose that our stimuli can account for the lack of early bias reported 
previously. Specifically, we assert that the naturalistic scenes we used provided a closer 
approximatioŶ of the iŶfaŶt͛s ƌeal-world visual experiences (see Jayaraman, et al., 2017 for 
examples of infant head-camera mounted stills) than visual grid/array displays used previously 
(cf. Di Giorgio, et al., 2012; Gliga, et al., 2009; Gluckman & Johnson, 2013; Jakobsen, et al., 
2016) and helped to facilitate detection. One might intuitively assume that complex visual 
scenes would make face detection more difficult relative to visual arrays/grids. However, 
naturalistic scenes provide context for the objects that they contain (e.g., Biederman, 
Mezzanotte, & Rabinowitz, 1982) aŶd iŶ ouƌ speĐifiĐ Đase, at least soŵe of the peƌsoŶ͛s ďodǇ 
was present in each image, which presumably also provided some contextual information for 
infants and may have helped to guide their target selection. It is critical to note that grid and 
array presentations do not provide such context and accordingly this might account for the 
͚ǁeak faĐe ďias͛ that has been reported previously.  
The individual image analysis provided clear evidence that saccadic velocity is 
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from 3- to 12-months of age. By contrast, face detection saccadic latencies did differ 
significantly between groups with delayed onsets observed in younger infants relative to older 
infants. We propose that younger infants simply take longer to process the image / extract gist 
information and consequently longer saccadic latencies are observed. It is, however, worth 
noting that although there was substantial overlap in the ranges of saccadic latencies produced 
by all age groups, the 3-month old age participants displayed fewer instances of face detection 
and consequently provided fewer saccadic latency data points to assess. Accordingly, a larger 
sample of 3-month-old infants will be required in future studies to fully explore this issue. 
Additionally, while our data demonstrate rapid detection of faces, future research should look 
to identify the precise mechanisms that underpin this ability. In some instances, face detection 
saccadic latencies were as short as 150 msecs, which are nearly as fast as latencies reported in 
adults (Crouzet, et al., 2010) and are faster than would be permitted by cortical systems 
(Johnson, et al., 2015; Schmolesky et al., 1998). Our findings are also potentially at odds with 
the view that eye-gaze might be necessary to activate the subcortical route (Senju & Johnson, 
2009; Stein, et al., 2011). Although each person appearing in our stimuli had their eyes open, 
relative to previous work (Farroni, et al., 2002), the sclera was not a prominent feature. It is 
difficult to discount the role of eye contact in supporting the face detection we report, but our 
findings suggest that an empirical study designed to address this question explicitly would be 
highly informative.   
The inclusion of salience as a factor in our analyses enabled us to contrast our findings 
with past studies in adults (e.g., Birmingham, Bischof, & Kingstone, 2009) and to assess the 
relative contributions of bottom-up and top-down attentional control. While this topic has 
been studied and debated for some decades in the adult literature, a comparable literature 
with infant participants does not exist. Although we report evidence of detection and interest 
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salient faces suggesting that visual salience might play a role in guiding eye movements. 
However, while we followed the approach of Amso and colleagues (Amso, et al., 2014) to 
Đategoƌise people as ͚salieŶt͛ oƌ ͚ŶoŶ-salieŶt͛ it is iŵpoƌtaŶt to Ŷote that this is a relatively 
arbitrary dichotomy that does not truly reflect the visual world. Further studies will help to 
determine the applicability of existing saliency models to infant vision and to evaluate the 
relative contributions of top-down and bottom-up control in driving visual attention across 
ontogeny. Additionally, the spatial and temporal dynamics of infant eye movements are 
currently under-studied and warrant further investigation. We have demonstrated here that 
RQA analyses can be performed effectively with an infant dataset and is capable of capturing 
fine-grained differences in performance that are not detectable usiŶg ĐlassiĐ ͚AOI͛ aŶalǇsis 
only. However, iŶfaŶt͛s eǇe ŵoǀeŵeŶt ďehaǀiouƌ duƌiŶg sĐeŶe pƌoĐessiŶg ƌepƌeseŶts a laƌgelǇ 
untapped research area (but see Helo, Rama, Pannasch, & Meary, 2016) that warrants further 
empirical investigation.          
In addition to face detection, we have shown that the mere presence of a person in a 
visual scene has a measurable quantitative impact on eye movement behaviour. Adult͛s 
fixation durations during scene viewing have a skewed distribution with a mode of 230 ms and 
a mean of 330 ms (Henderson & Hollingworth, 1999). It is Ŷotaďle that iŶfaŶt͛s fiǆatioŶs 
diƌeĐted to ͚otheƌ͛ loĐatioŶs closely mirrors this pattern of behaviour with a mode of 357 ms 
and mean of 447 ms. Based on findings from EEG studies (e.g., de Haan, Pascalis, & Johnson, 
2002), it is reasonable to speculate that these differences simply reflect infant͛s sloǁeƌ 
processing. Interestingly, fixation durations to faces are also skewed but with a mode of 242 
ms and a mean of 701 ms. We suggest that this disparity is explained by the fact that infants 
make some very long initial fixations to faces (> 1000 ms), but also produce a large quantity of 
short duration fixations deployed during fine-grained scanning as highlighted by the significant 
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In conclusion, we have provided clear evidence that infants aged 3- to 12-months 
rapidly attend to discrete faces embedded within complex visual scenes. We have 
characterised scanning behaviour to further emphasise the importance of faces to infants and 
how their presence impacts eye movement behaviour across several dependent measures. We 
suggest that future studies should endeavour to depart from using artificial visual arrays and 
instead try to use more naturalistic stimuli that are both more familiar to infants and are more 
likely to provide a genuine reflection of their capabilities.         
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